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The year that has just closed may be regarded as a successful one in the 
Society’s affairs, and the steady development of all the Society’s activities has 
been fully maintained. 

The increase in the annual subscription, which became effective this year, 
has been well received, and it is already very evident that had this step not been 
taken the Society’s financial position would have given cause for anxiety, par- 
ticularly in view of ever increasing printing costs. In this last connection a 
second change of printers became inevitable, and at the beginning of July the 
printing of the Society’s publications was transferred to Messrs. Adlard & Son, 
of Dorking, who are familiar with the printing of scientific journals. Although 
the change has meant an increase in actual costs, this factor is largely offset by 
an improvement in other directions, especially a saving of time and labour. 

Although little obvious progress has been made with the repa.xs to the Society's 
house, in actual fact tenders have been received for the repair and re-decoration 
of both the exterior and interior. On the advice of the Society’s surveyors, 
Council have so far accepted a tender for work on the exterior only, work to 
commence in the spring. Consideration of repairs to the interior has been 
deferred owing to the possibility of the Society’s tenants vacating their part of 
the house in the not too distant future. 

The Society was again invited to send representatives to various Congresses 
of national and international scientific organizations with whose work and aims. 
it is associated. 

Sir Guy Marshall and Mr. G. Fox Wilson attended the Highth International 
Congress of Entomology in Stockholm on behalf of the Society. 

The Hon. Miriam Rothschild acted as the Society’s delegate to the Thirteenth 
International Congress of Zoology held at Paris in July, and she also repre- 
sented the Society at the Conference of the International Union for the Protection 
of Nature held at Fontainebleau in October. 

The President himself attended the meetings of the Royal Society’s Scientific 
Information Conference, when many proposals for improvement in the publi- 
cation of scientific information were considered in detail. 

At the Conference on Genetics in Stockholm the Society was represented by 
Dr. E. B. Ford. Nearer home, Dr. A. G. Hamilton, Mr. P. F. Mattingly and Mr. 
A. J. A. Woodcock acted as the Society’s delegates to the meeting of the British 


Association. 
In July the Society’s meeting room was lent to the Commonwealth Institute: 
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of Entomology on the occasion of the Fifth Commonwealth Entomological 
Conference. On the evening of 29th July a reception was given by the Society 
in honour of the delegates to this Conference. Nearly 300 Fellows and guests 
were present on this occasion. 

In the early months of the year the Society’s Bye-Laws were amended to 
allow for the appointment of an Honorary Editor, and Mr. EH. B. Britton was 
nominated to this office. During Mr. Britton’s absence in Australia these duties 
were carried out by Mr. H. Oldroyd. 

The Society has maintained its association with the Biological Council and 
has again been represented at its meetings by Dr. J. W. Evans. Much pre- 
liminary work has been done towards establishing the proposed Institute of 
Biology. 

ees of congratulation was addressed to His Majesty the King on the 
occasion of the birth of the infant Prince, and was duly acknowledged by a 
telegram from His Majesty’s Private Secretary. 

Early in the year Council gave effect to a proposal for broadening the basis 
of the Committee for the Protection of British Insects, and the committee now 
includes representatives of the leading provincial entomological societies. In the 
spring consideration was given to the War Office claim to an area in the Isle of 
Purbeck, and as a result Captain Diver represented the Society at the official 
inquiry. The War Office proved sympathetic to the claims of naturalists for 
access, but because of their legal responsibility for any accident that might 
occur, could not accede. 

Mr. W. Fassnidge, the Society’s representative on the New Forest Association, 
reported during the year that owing to ill health he was no longer able to serve. 
Mr. C. W. Mackworth-Praed was appointed in his stead. 

The status of Maculinea arion in Cornwall has been carefully investigated, 
and as a result of a visit by Captain Jackson, R.N., the committee hope to 
organize a measure of control over one area where this butterfly can be nursed. 
Action has been continued in respect of the protection of Melitaea cinxia 
in the Isle of Wight and Acidalia tmmorata in Sussex. Aplasta ononaria has 
been added to the protected list. The Committee is endeavouring to collect 
records of attempts to transplant rare and local species. Close touch is being 
maintained with the national organizations which exist for the preservation of 
our flora and fauna, so that areas of special entomological interest receive due 
consideration in post-war planning schemes. 

The Society’s meetings continue to be well attended, and Council is again 
grateful to the Meetings Sub-Committee for their advice and assistance in improv- 
ing their standard and extending their scope. The average attendance was 
78 as compared with 75 in 1947. 

At the invitation of the Linnean Society a joint meeting was held in their 
rooms at Burlington House on 9th December, when the subject for discussion 
was the bearing of the parasite-host relationship on taxonomy. 

Much of the detailed business of the Society has, as hitherto, been conducted 
by the Finance and House Committee under the Chairmanship of Mr. G. Fox 
Wilson, and the Publication and Library Committee under the Chairmanship 
of Dr. W. H- Thorpe, for whose help and interest the Society is very grateful. 

The use of the library has been maintained and increased during the year 
the number of books borrowed being 1,314 (1,287), and the number of Fellows 
borrowing books being 703 (666); 153 (138) books were lent to the National 
Central Library. (The numbers in brackets throughout the report indicate the 
corresponding figures for the previous year.) 

Good progress has been made with binding. The arrears of cataloguing of 
separates are being dealt with, but large accessions by way of gifts and bequests 
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make the overtaking of arrears a difficult task. In this latter connection Council 
is most indebted to the late C. J. Wainwright for a first selection of the books 
in his library, and also for a collection of many hundreds of reprints, mostly on 
Diptera. 

The Society’s premises are still used as the Publication Office of the Inter- 
national Commission on Zoological Nomenclature. 

The loan of the Eltringham Microscope to Mr. W. S. Richards was renewed 
at the beginning of the year. The instrument has now been returned. 

Work continues on the series of Handbooks on British Insects, one part being 
in page proof, and two others in type. These will form a pattern and standard 
for subsequent issues. 

The Transactions for 1948 (Volume 99) contain 17 papers, of which 4 deal 
with Hemiptera, 3 with Lepidoptera, 3 with Diptera, 3 with Orthoptera, 3 with 
Coleoptera, and 1 with Hymenoptera. The volume consists of 626 pages and 
2 plates. Very welcome assistance was again received via the Royal Society 
from the Government grant in aid of scientific publications, and the Anti-Locust 
Research Centre kindly contributed £50 towards the cost of Dr. Uvarov’s paper ; 
the Society is very grateful for these grants. 

The Proceedings were continued in the usual three series as follows : 


Series A (General Entomology). Volume 23 consists of 114 pages and contains 
25 papers, illustrated by 9 plates. The Hast African Tsetse Research Organ- 
isation kindly defrayed the cost of the eight plates illustrating the paper 
by Dr. C. H. N. Jackson. 

Series B (Taxonomic Entomology). Volume 17 consists of 158 pages and contains 
27 papers illustrated by 2 plates. 

Series C (Journal of Meetings). A part of Series C was sent to each Fellow in 
advance of meetings and a complete copy of the volume will be distributed 
with the last part. 

During the year the death of 1 (2) Special Life Fellow—Hugh Main—and 
23 (9) Ordinary Fellows has been reported: B. W. Adkin, H. L. Andrewes, 
G. J. Arrow, P. J. Barraud, T. R. Bell, T. D. A. Cockerell, B. C. Cox, W. E. Cox, 
A. S. Corbet, A. Dampf, J. C. Eales-White, G. H. Evans, Sir John Fryer, J. A. 
Lawson, J. W. S. Macfie, J. W. Moore, A. Miles Moss, A. Robinson, J. E. H. 
Roberts, A. W. Richardson, A. M. Stewart, A.J. Turner, and C. J. Wainwright. 

The following 17 (33) Fellows have resigned: C. V. Adams, R. 8S. D. Balter. 
T. H. Court, B. D. Cumming, A. C. Daintree, V. H. W. Dowson, C. C. Ghosh, - 
P. Haig-Thomas, Mrs. M. W. Kendall, K. H. Chapman, C. L. Patton-Bethune, 
W. Pickles, J. Richardson, K. Smith, E. H. Sills, H. W. Simmonds and C. J. 
Swierstra. 

The following 6 (2) have been removed in accordance with the Bye-Laws, 
Chapter XVI, Section 3: N. C. Chatterjee, P. L. F. de Livera, N. Loynes, J. J. 
Mounsey, J. Priiffer, and C. L. Liu. 

During the year 3 Special Life Fellows—Mr. H. Britten, Dr. E. A. Cockayne, 
and Mr. H. J. Turner—and 90 Ordinary Fellows have been elected, of whom 
72 have completed their obligation. In addition, 14 Fellows elected in 1947 
completed their obligation in 1948. This has meant an increase of 39 in the 
number of Fellows, which, in all the circumstances, is most gratifying. The 
Society now consists of 5 Honorary Fellows, 12 Special Life Fellows, and 843 
Ordinary Fellows. re 

Although these figures are so encouraging, no undue optimism can be felt. 
Under present conditions Council feel it their duty to keep a close watch on the 
finances, but at the same time they will do as much as possible to further the aims 
of the Society and maintain the services to Fellows. 
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TREASURER’S REPORT 
Mr. A. Welti said : 


For the seventh year in succession it is my privilege to present the Annual 
Accounts to the Society. 


Owing to the increase in the Subscriptions and relatively large Sales of Publi- 
cations, it has been a satisfactory year, and the Accounts show a Credit Balance 
of £141 17s. 2d. after providing additional sums to our reserves for repairs to the 
building, for Library Bookbinding and Catalogue, and for our Staff Provident 
Fund. Donations to Publications amounted to £616, which are gratefully 
acknowledged. They have been a great help to us in maintaining our work. 
We also owe thanks to an anonymous friend for a gift of £52 10s. to our Library 
Fund. 


The War Damage Commission has now refunded its share of the outlay on 
preliminary repairs. In the coming year we expect to make further progress in 
getting our building restored, a tender for all the exterior work having been 
accepted by Council. 


Since the rate of Admission Fees has been reduced from £3 3s. to £2 2s. it is 
very satisfactory to note that they were £183 15s. this year, as against £187 19s. 
last year, when the rate was £1 1s. higher. 


The memory of our good friend, the late Hugh Main, will live in the records 
of our Society. By his will he gave us an immediate bequest of £100, and our 
Society stands to benefit further later on. A Trust Fund is ultimately to be 
created, the income from which is to be devoted to furthering the Science of 
Entomology. 


On the Expenditure side, our General Office and House expenses have con- 
tinued within reasonable bounds. It is quite likely that we may still have to 
face increases before we can think of effecting reductions. We have in the past 


year made the same donations to other Societies as has been our practice during 
recent years. 


The expenditure on our Library has increased and efforts will again be made 
during the coming year to catch up with arrears of binding. A cursory examina- 
tion of the shelves in our library will show how much has been achieved during 
ae last two years in spite of the fact that binding is a very expensive item these 

ays. 

The most serious expenditure is the cost of Publications. However, our 
prime object is to diffuse entomological knowledge, and we must continue to do 


our best, even at a sacrifice. It is imperative that our reputation in this respect 
is maintained. 


A good deal of preliminary work has been going on in regard to the Hand- 
books. It may be expected that the first Manuals will appear in the New Year. 


The preparation of a Library Catalogue, to which frequent reference has 
been made, is the subject of much anxious thought. During the year the 
accessions by way of Separates were almost beyond the Society’s capacity 
Little time has been available for attending to the large collection accumulated 
in the past. This year the most notable gift was the entire collection of Separates 
in the Library of the late C. J. Wainwright, as well as the first selection of his 
books. It seems now that it may be more expedient first to iss 


ow ue a catalogue of 
our Books and Periodicals and afterwards to deal with the reprints as a se nee 
entity. i 
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An adequate Credit Balance at our Bankers has enabled us to discharge all 


our debts promptly throughout the year and the Society can look with confidence 
to the future. 


This has been a general outline of the financial position and the Society’s 
warm thanks are due to the Finance Committee under the able Chairmanship of 
Mr. Fox-Wilson. It should also be appreciated that our President has attended 
nearly every meeting of the Finance Committee and all have been animated by 
one desire to further the welfare of our Society. 


- May I thank our permanent staff for all the assistance they have given me, 
and all the kindness shown during the past twelve months. 


The Accounts are now laid on the table and you are invited to study them at 
your leisure. They have again been audited by Messrs. W. B. Keen & Co., 
who have given the greatest care and attention to every detail. 
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THE PRESIDENT’S ADDRESS 
Preliminary Remarks 


On the occasion of the Annual Meeting your President has three traditional 
duties—first, to comment on the affairs of the Society during the past year ; 
secondly—and a sad duty—to review the losses, by death, that the Society has 
suffered ; and thirdly to address the members on some scientific subject of wide 
general interest and also of personal interest to himself. 

The first of my duties is light. As you have just seen from the Reports of 
the Treasurer and the Council, our affairs have prospered. When, nearly two 
years ago, we reluctantly decided we must raise our subscription, we were not 
sure what the effect would be. To-day we find that the result has been a number 
of new members greater than in the previous year, and that the increase of income 
has been largely used up in increasing costs of printing, and in allotting much- 
needed extra funds to meet the large expenditure on repairs to our premises, 
which has to be incurred in the immediate future. Without this extra income 
our position would have been very difficult. 

The increase in new members over last year is particularly pleasing, as it 
shows that the exceptional number of over 100 in 1946 was not merely a post-war 
rush, such as occurred after the first world war. In 1947 there were about 
70 new members, but in this past year the number has risen again to 90. 

Another great cause for self congratulation by the Society is, I think, that 
all our regular publications, both Transactions and the two series of Proceedings, 
have appeared before the end of the year in spite of editorial changes and great 
printing difficulties. 

My next duty is a particularly heavy one, as no fewer than 28 present and past 
Fellows of the Society have died during the year—including many who have 
served as officers or as members of the Council. Many also were personal 
friends of mine, so that I have a double regret at their loss. The following notes 
include very brief facts about most of these Fellows. In one or two cases we 
have been unable to obtain any particulars at the time of writing. 

Mr. B. W. Apx1n, died on the 22nd August, 1948, aged 83. He had been a 
Fellow of the Society since 1902. He was interested in British Lepidoptera and 
specialized particularly in the Bombyces and the Lastocampipar. He collected 
in many remote parts of Britain, including the Scilly Islands, and had a large 
collection of British Lepidoptera. 

Mr. H. L. AnpREws, who died in 1946, had been a Fellow since 1922. He 
was particularly interested in Lepidoptera and Aculeate Hymenoptera. His 
collections have been presented to the Dorchester County Museum. 

Mr. G. J. ARRow died on 5th October, 1948, aged 74. He had been a Fellow 
of our Society since 1899 and served on the Council from 1905-1907. He entered 
the British Museum (Natural History) in 1896, where he studied the Coleoptera 
and became a world specialist in the Lamellicornia. He published more than 
100 papers on entomology, including four volumes of the Fauna of India. 

Mr. P. J. Barraup had been a Fellow since 1902. He worked for many 
years in India as a Medical Entomologist, and published a number of papers on 
the Curicrpas, including the volume on that family in the Fauna of India. 

Mr. T. R. Butz died on 24th June, 1948, aged over 80. He had been a 
Fellow since 1936. He went out to India in 1884 and spent the greater part of 
his life there in the Forestry Service. He was specially interested in Lepidoptera, 
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and within this order in the Spaincipar. He also made collections of Indian 
Coleoptera and Hymenoptera. In 1930 he deposited all his entomological 
collections in the Natural History Museum, and later presented them to the 
Museum. 

Prof. T. D. A. CockERELL, who died on 26th January, 1948, at the age of 
87, had been a Fellow of our Society since 1917. He was born in England but, 
owing to ill-health, went to Colorado, U.S.A., at the age of 21, and, except 
for short visits, did not return. Later he obtained a position in Jamaica, but 
returned to Colorado, where he spent altogether 44 years. In Jamaica he worked 
chiefly on the Cocctpaz, but his main interest, and most of his very large number 
of publications, were on the Hymenoptera. He was a voluminous writer with 
wide interests, and a great traveller. In 1946 he made a gift of £200 to our 
Society. 

Dr. A. StEvEN Corset, who died on the 16th May at the early age of 51, 
had been a Fellow since 1933, had served on the Council 1941-43, and was a 
Vice-President in 1942. He started as a biochemist, and had a varied career, 
including bacteriology at Cambridge and at the Rubber Research Institute in 
Kuala Lumpur, Malaya. His main entomological interest was in the butterflies 
of the world. In 1939 he joined the staff of the Natural History Museum, and 
worked on the classification of butterflies in relation to geographical distribution, 
and particularly the problem of island races. 

Mr. B. C. Cox, had been a Fellow since 1931. 

Mr. W. E. Cox, who was 79 when he died in 1948, had been a Fellow since 
1933. By profession he was in the Great Western Railway Engineering Depart- 
ment. He had been interested for many years in the Lepidoptera, and on 
moving to Cardiff in 1929 he became specially interested in the “ Micros,” of 
which he added over 60 species to the Glamorganshire list. 

Dr. A. Damper, who died on 17th March, 1948, aged 64, had been a Fellow 
since 1928. His early life was spent in Konigsberg, and in 1913 he went as 
entomologist to German East Africa. In 1923 he went to Mexico, where he 
spent the rest of his life. He became Chief Entomologist to the Department of 
Agriculture and also a Professor of Entomology, and made very large collections 
of Mexican insects. He worked on all branches of entomology but was specially 
interested in Locusts, and in blood-sucking insects, especially Simuliwm and 
Phlebotomus. 

Major J. C. Eates-Wuirz, had been a Fellow since 1910. He was a general 
naturalist with an interest in entomology. 

Colonel G. H. Evans, had been a Fellow since 1926. 

Sir Joun OC. F. Fryer, F.R.S., who died on 22nd November, 1948, aged 63, 
had been a Fellow since 1907, President from 1938-9, Vice-President in 1927, 
1937 and 1940, and on the Council for many years. He was born in Norfolk 
and had a great love for the Fenlands, and particularly for their Natural History. 
After graduating at Cambridge he visited Ceylon and Aldabra Island in the 
Indian Ocean, where he carried out entomological and genetical investigations. 
In 1920 he was appointed to the Ministry of Agriculture Plant Pathological 
Laboratory in Harpenden, and remained in charge of this until 1943, when he 
became Secretary to the Agricultural Research Council. He was made a K.B.E. 
in 1946 and elected to the Royal Society in March, 1948. He will be best known 
to the Fellows of our Society for his great practical interest in the preservation 
of the Fenlands and their rare insect inhabitants. His collections of Lepidoptera, 
Coleoptera and Heteroptera have been deposited in the Entomology Department 
at Rothamsted Experimental Station, Harpenden. 

Lt.Colonel Witt1am C. B. Hawtey, D.S.0., who died on 21st December, 
1948, joined our Society in 1946. He was interested in the British Lepidoptera. 
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Mr. J. A. Lawson, who was particularly interested in Bee Keeping, had 
been a Fellow since 1930. 


Dr. J. W. 8S. Macrim, who died on 11th October, 1948, aged 69, had been a 


Fellow since 1936. His work was chiefly on Tropical Medicine in West Africa. 
On the entomological side he studied mosquitoes, ceratopogonid midges, and 
tsetse flies. After retirement from Africa in 1923 he joined the Liverpool 
School of Tropical Medicine. During the second world war he worked with a 
Field Malaria Laboratory in the Near East. 

Mr. Huan Matn, who died on 1st March, 1948, at the age of 80, had been 
a Fellow since 1899, Vice-President in 1941, and was elected a Special Life 
Fellow in 1945. By profession he was a sugar chemist. He was keenly interested 
in entomology, especially in the life histories of obscure groups. He was a 
first-class insect photographer and was ingenious in devising apparatus for the 
breeding of insects, including those that feed underground. When he died he 
bequeathed to the Entomological Society £100, and also a reversionary interest 
in a much larger portion of his estate. 

Mr. J. W. Moore, had been a Fellow since 1922. He was specially interested 
in Lepidoptera, both British and tropical. His collection of tropical Lepi- 
doptera was bequeathed to the Birmingham Natural History Museum and his 
British Collection to the Birmingham Natural History Society. 

The Rev, A. Mites Moss, who died on the 7th January, 1948, had been a 
Fellow since 1911. I gave a brief account of his work in my Presidential remarks 
last year. 

Mr. A. W. Ricuarpson, who died on 6th August, 1948, aged 75, had been a 
Fellow since 1920. He was a man of wide interests and a remarkable linguist, 
speaking fluently about ten languages. His interest in entomology included the 
Lepidoptera, Hymenoptera and Diptera, particularly of the European countries. 

Dr. J. E. H. Roperts, died on 25th August, 1948, aged 67. He had been a 
Fellow from 1927-37 and again from 1942. By profession he was a surgeon. 
One of his chief hobbies was the study of dragonflies, especially their ecology 
and biology, and the breeding of the nymphs. He succeeded in breeding Gomphus 
vulgatissimus in London from nymphs obtained in the New Forest. 

Mr. A. Roprnson, who died on 9th April, 1948, aged 83, was a Fellow from 
1889-1898 and then again from 1925. His main interest in entomology was 
in the Macro-Lepidoptera, especially those inhabiting the fenlands, and for many 
years he was on the Committee for the Preservation of Wicken Fen. His collec- 
tion has been given to the Liverpool Museum. 

Mr <A. M. Stewart, who died in July, 1948, aged 86, had been a Fellow 
since 1923. He spent most of his life in Paisley, Scotland, where he was by 
profession a shawl-designer. He was widely interested in Natural History and 
wrote two small books on British Butterflies and British Moths. 

Dr. Atrrep J. TuRNER, who died on 29th December, 1947, at the age of 86, 
had been a Fellow since 1898. He trained as a Doctor in London, but went out 
to Australia at the age of 28 and became there a pioneer in Public Health and 
Children’s Medicine. In entomology he started with butterflies, but later 
extended his interest to moths. He published about 100 papers describing 
many hundreds of new Lepidoptera. His collection is now in the Museum of 
the Division of Economic Entomology at Canberra. 

_ Mr. C. J. Wainweieut, died on 6th October, 1948, at the age of 82. He had 
been a Fellow since 1897, and had served twice on the Council. He started as a 
lepidopterist but became more and more interested in Diptera, and finally was 
one of the authorities on this group. He specialized for many years on the 
Tacuinipax, and published a revision of the family, and two supplements, in 
our Transactions. He was one of the founders of the Birmingham Natural 
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History Society in 1889. He bequeathed his collections to the Natural History 
Museum, and a number of books and reprints to our own Library. 

In addition to the above, three well-known entomologists have also died 
who were at one time Fellows of our Society, but had resigned. 

Mr. M. E. Mosety, who died on 30th August, 1948, at the age of 71, had 
been a Fellow from 1910-1947. Owing to an early interest in fishing he took 
up the study of the Trichoptera, and later the Ephemeroptera and Plecoptera. 
At first this was a spare time study, but on retirement in 1929 he came to work 
at the Natural History Museum, and built up a fine collection of Trichoptera. 
He published many papers including the British Caddis Flies in 1939. 

Mr. O. H. Larrer died on 11th October, 1948, aged 84. He had been a 
Fellow from 1895-1939. By profession he was a science master at Charterhouse 
for 36 years. He was specially interested in Lepidoptera, Diptera and Hymenop- 
tera. He had a gift of exposition in writing and teaching, and was a great 
believer in the value of biology as a part of general education. 

Mr. W. H. Epwarps, who was a Fellow from 1910-1925, was interested 
particularly in the Lepidoptera of the Birmingham district, and was the first 
Curator at the Birmingham City Natural History Museum. 


(The President asked those present to stand for a few moments in memory of 
the Fellows who had died during the year. He then delivered that portion of 
his address entitled ‘“‘ The Migration of Lepidoptera, and the problem of Orienta- 
tion,’ which will be found overleaf). 
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MIGRATION IN LEPIDOPTERA AND THE PROBLEM 
OF ORIENTATION. 


By C. B. Witutrams, Sc.D. 
(Rothamsted Experimental Station, Harpenden). 


Presidential Address to the Fellows of the Royal Entomological Society of 
London, delivered to the Annual Meeting on Wednesday, 19th January, 1949. 


During a visit to British Guiana in 1916—now over thirty years ago—I saw 
for the first time a directional movement of butterflies; hundreds of Catopsila 
statira were flying steadily to the south-east for about ten days over the low-lying 
forest country where I was then living. An account of this flight was published 
in our Transactions for 1917. 

In the following years I was fortunate to see several similar movements— 
some on a larger and some on a smaller scale—in other parts of Central and 
South America, in Egypt and East Africa, and even here at home in England ; 
and as a result the study of Insect Migration has become one of my main interests 
in the field of entomology. 

Insects of many different orders are known to migrate, but the great mass 
of evidence relates to the Orthoptera (especially the AcRrp1mpAE) and to the 
Lepidoptera ; and, as the locust problems are well cared for by our Anti-Locust 
Research Centre under Dr. Uvarov, I have confined most of my work to the 
Lepidoptera. 

Within this order migration is found in both butterflies and moths, but as 
the former are active by day their movements are frequently seen, while the 
night-flying moths are scarcely ever observed in continuous flight. Our greater 
knowledge of the movements of butterflies must not therefore be taken as an 
indication that migration is more common in these than in the Heterocera. 

Evidence of the migration of insects comes in several ways. First, and most 
convincing, are observations by naturalists of continued flight in one direction. 
Secondly, there is the sudden appearance in numbers of certain species with no 
apparent evidence of their previous residence in the locality. Thirdly, the 
sudden disappearance of large numbers with no evidence of death. Fourthly, 
the appearance of winged insects, sometimes in numbers, far out. at sea. And 
fifthly, the failure to discover certain species in any stage during a portion of the 
year in localities where they regularly occur at other seasons. Indirect evidence 
may come from the fact that migrant species usually have a wide range of distri- 
bution within which local races do not develop. It will be obvious that all types 
of evidence except the first are subject to possible alternative explanations. 

Allowing as far as possible for all such errors, I have become convinced of the 
existence in many species of Lepidoptera of migration over large distances as a 
regularly recurring phenomenon. And by “ migration”? I mean a change of 
location which is determined both in distance and direction by the insect itself, 
and not a passive distribution of individuals by overpowering forces such as 
strong winds. 

We have evidence to-day of migration in two or three hundred species of 
butterflies, from almost all parts of the world. In about fifty of these there is 
a considerable weight of evidence which makes it almost impossible to accept 
any other explanation. In view of the fact that in most parts of the world the 


rete 


71 


habits of butterflies are unstudied, this is quite a considerable total, but it becomes 
more impressive when we consider smaller and better known areas. Thus, out 
of the 68 species of butterflies which have been found in Britain, migration is 
known to occur in 17 (one quarter of the total), and at least 11 species are entirely 
dependent on immigration for their continued occurrence in our Islands. 

In Ceylon, where directional flights are of comparatively frequent occurrence, 
out of a total of just under 250 known species, nearly 70 have been recorded as 
taking part in these flights, and about 25 species are regularly observed. 

In some of the migrations that have been observed the numbers of individuals 
almost defy calculation. Kirkpatrick estimated that in a flight in East Africa 
in 1926 about 36 million white butterflies (Belenois aurota (mesentina)) were 
crossing each mile front per day. McGregor calculated that during a flight of 
Painted Lady butterflies in California in 1924, about three thousand million 
butterflies crossed the 40 mile front over which it was known to extend. 

We have also evidence, some of which will be given later, that these move- 
ae frequently continue over distances of up to and perhaps over a thousand 
miles. 

So that migration in the Lepidoptera is not an exceptionally rare phenomenon, 
found in very few individuals and very few species, but one which affects hundreds 
of species and countless millions of individuals every year, and the habit may 
carry these individuals over great distances, sometimes from one continent to 
another. 

To give an idea of what is known of the movements of particular species let 
us take three examples ; the Monarch or Milkweed butterfly (Danaus plexippus), 
the Painted Lady (Vanessa cardui) and the Large Cabbage-White butterfly 
(Pieris brassicae). 

Three races of the “ Monarch” are found in the American continent. One 
(plexippus) occurs in North and Central America and in some of the northerly 
islands of the Gulf of Mexico; a second (nigrippus) in the rest of the West Indian 
Islands, in Southern Central America, and in South America, north and west of 
the Amazon; and the third (erippus) in Brazil south of the Amazon, in Uruguay, 
Argentine, Chile, and possibly in Southern Peru. 

The North American race is found in summer throughout the United States 
and southern Canada as far as the shores of Hudson Bay in the east, and further 
north, occasionally reaching Alaska, in the west. At the beginning of autumn— 
at the end of August or early in September—the butterflies in the north begin 
to move southwards and to congregate together. At first they form small bands 
of a dozen or less, but as they move south the groups aggregate so that finally 
there may be thousands of butterflies in a single flight. These autumn flights 
are frequently seen in the Eastern and Mid-West States and along the West 
Coast, but there are scarcely any records for the large mountainous area of the 
Rockies that separates the West Coast from the Mississippi Valley. 

The butterflies move steadily southwards until, about the beginning of 
October, they begin to reach Florida in the east and Southern California in the 
west. Here they settle down on groups of evergreen trees, usually close to the 
sea, and spend the greater portion of the winter in a state of semi-hibernation, 
occasionally flying round in bright sunshine, but more usually hanging dormant 
on the trees. The same trees may be visited year after year, and the butterflies 
may be in such numbers as to appear as chestnut-brown patches against the 
dark green of the foliage. 

When spring arrives, the butterflies become more active and the bands 
gradually break up; pairing is seen and both sexes gradually work their way 
to the north, the female laying eggs on the Milkweed (Asclepias) which is just 
appearing above the ground. They start their journey about the end of March 


PROC. R. ENT. SOC. LOND. (c) 138. No. 12. (may 1949), C 


72 


and reach southern Canada early in June. In this spring migration the butterflies 
normally fly individually and not in mass, and so they are much less conspicuous 
than in the autumn. 

From eggs laid in the south early on this journey there may be three generations 
before the autumn movement; in the northern states perhaps two generations ; 
and in Southern Canada there is only time for a single generation before the 
return flight to the south commences. Thus we see that the same individual 
butterflies which fly south return to the north in the spring, but it is their children, 
grandchildren or great grandchildren (according to latitude) which makes up 
the new flight in the autumn. 

The total distance covered may reach 1,000 to 1,500 miles in each direction, 
giving a double flight for one individual of two or three thousand miles. 

The form of D. plexippus found in the West Indies and northern South America 
has not been recorded as migratory. The Southern form appears to have similar 
movements to those in North America, flying towards the equator in the autumn 
and away from it in the spring, but the information is at present very scanty. 

The northern race of the Monarch has spread, within historic times, very 
widely westward across the Pacific to most of the smaller islands, to New Zealand 
and Australia, and to the coast of China. In the east it has crossed the Atlantic 
to the Azores and Madeira Islands, where it is now established. In the continent 
of Europe its food-plant is unknown, but over 160 individuals have been captured 
or seen in the British Isles in the past 80 years. How these have reached our 
shores is an interesting problem for entomologists to settle in the future. 

The Painted Lady butterfly (Vanessa carduz) is found in almost every part 
of the world from the equator to the cold temperate areas, and in all continents 
except South America, where it has only been recorded as a great rarity. 

In the Europe, North Africa, W. Asia area it breeds during the winter along 
the edges of the great desert belt that stretches across Northern Africa into 
South-Western Asia. In the spring of the northern hemisphere numbers, varying 
greatly from year to year, fly northwards from the breeding areas into the 
Mediterranean coastlands of North Africa ; cross the Mediterranean itself without 
difficulty ; and work their way northwards through Europe. They usually pass 
through North Africa about April, and reach the latitude of south England 
early in June. They may continue still further north and stragglers in some 
years reach Iceland and, further east on the continent of Europe, almost to the 
Arctic Circle. 

In southern Europe and up to about latitude 60° (north of Scotland) they 
breed during the summer. In south England home-bred Painted Ladies appear 
during August and may remain flying round until late autumn. There is practi- 
cally no evidence that any survive the winter in the British Isles except in the 
extreme south-west of Ireland, where temperature conditions in the winter are 
almost Mediterranean. 

There is some evidence of a return flight to the south in the autumn. I 
recorded recently in our Proceedings a flight which I saw in September, 1943 
at sea off the north-west coast of Africa, and which appeared to be lesdine 
towards the south. 8 
In North America V. cardua is found as an irregular immigrant. It appears 
in some summers in great numbers over most of the U.S.A. and southern Canada 
and as far to the north-east as Newfoundland; while in other years scarcel 
any are seen. The only evidence of movement into the U.S.A. in the sprin 2 
into Southern California, Arizona and New Mexico from Western Meas which 
latter area has an arid climate not unlike that of North Africa. There is no 
evidence of immigration into or from Florida, and indeed, there is no suitable 
climate or known area of breeding anywhere to the south of U.S.A., except in 
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the extreme west. There is also no evidence of survival of the butterflies in any 
stage during the winter over the greater portion of the U.S.A. 

If these conclusions are correct we are left with the surprising possibility 
that the butterflies which appear sometimes in numbers in Newfoundland must 
have come from Western Mexico—a distance of about 3,000 miles ; although it is 
possible that this might be done in two generations. There is in North America 
no evidence of a return flight to the south in the autumn; but against this 
must be set the fact that no one has ever looked with any assiduity for any such 
evidence. 

At the other end of the range of V. cardui in Australasia, where the variety 
kershawi replaces the type, there is some evidence that the butterflies may cross 
the sea from Australia to New Zealand—a distance of about 1,300 miles. 

Painted Ladies are also frequently seen far out at sea. Matthew, in 1865, 
saw two butterflies flying round his ship which was in mid North Atlantic about 
500 miles east of Newfoundland and 1,000 miles due west to the south of Ireland 
(from which continent they had come ?). I have in my own collection a specimen 
which was one of a number seen in mid South Atlantic about 800 miles west of 
St. Helena, 1,100 miles from the Brazilian coast, and 1,400 miles from the nearest 
coast of Africa (Sierra Leone). 

The third species that I will review briefly is the Large Cabbage-White 
butterfly (Pieris brassicae), which is of special interest to us here as it is one of 
the few species that is likely to be seen in mass flight in Great Britain, and also 
because its direction and season of flight do not appear to fit in with the general 
rule for temperate climate insects. In Europe it appears to breed in large numbers 
during the early summer in Southern Scandinavia or in the Islands in the Baltic, 
and towards the end of July or early August it makes mass flights to the south, 
chiefly through central Germany, Austria and occasionally into Switzerland. 
These flights are sometimes so thick as to be described as “ snowstorms.” Off- 
shoots of the main movement seem to come in a south-westerly or westerly 
direction, across Holland, Belgium and the North Sea, and reach our shores 
chiefly in Norfolk, Suffolk and Essex, but occasionally farther north. Also at 
times they come in across the Channel to Kent and Sussex in a north-westerly 
direction. 

The numbers arriving at our shores may sometimes reach millions, and, in 
view of the very high parasitism of P. brassicae in this country, it has been 
suggested that this usually abundant butterfly might die out from our fauna if it 
were not for the reinforcement of the population by these immigrations. 

A few smaller flights have been recorded at the end of May, particularly in - 
England (where, however, much more close observation has been made), and a 
very few in September, but the July-August period is undoubtedly the main 
movement. There is at present no evidence of a return flight to the north at 
any time in Central Europe. 

The same species migrates in the north of India, where it moves to the hills 
at the beginning of the hot season and returns to the plains at the beginning of 


the cooler weather. 


After this brief survey of the known behaviour of some typical species 
I would like to discuss certain problems connected with migration, and particu- 
larly that of orientation. 

During a migratory flight the path of each butterfly—which would normally 
have been here and there, backwards and forwards, leaving the insect at the end 
of the day more or less where it started—is straightened out so that the insect 
flies steadily in one direction. This “ compass” direction can be kept up hour 
by hour and day by day by a single insect, and other insects in the same flight 


74. 


may pass through a locality in the same direction, not merely for hours and days, 
but sometimes for weeks and even months. 

By what interaction of external stimulus and internal response is this orien- 
tation effected ? 

The problem is really a double one—first, for what reason and by what process 
does the species as a whole tend to move in one particular direction at a particular 
season of each year ?—and secondly, what is the mechanism by which a single 
individual is enabled to fly in the necessary direction at the correct time of the 

ear ? 
z Evidence that must be taken into consideration in this discussion can further 
be divided into the general, or rules and facts which appear to apply to a number 
of species, and the special, which are known details of behaviour of single species 
or of single observed flights. In addition to this there are observations of apparent 
exceptional behaviour from which we might find useful suggestions. 

Some of the general evidence that must be considered is as follows : 

1. The majority of migrant Lepidoptera in the temperate zones move towards 
the equator in the autumn and away from it in the spring, thus bearing a close 
resemblance to the movements of birds. There are exceptions to this rule, 
as in the case of P. brassicae which has already been mentioned. 

2. In the tropics direction and season are more confused, but flights of the 
same species tend to recur in the same direction and at the same season in different 
years. In Ceylon the main flights are at the beginning of the N.E. Monsoon in 
October and November with a second less definite season at the change of the 
N.E. to S.W. Monsoon in March, April and May. At Kodaikanal, in 8. India, 
there is evidence that the October-November flights are towards the south and 
the March—May flights towards the north. In the foothills of the Himalayas in 
North India there is evidence of flights of several species up towards the N. or 
N.W. in March—April-May at the beginning of the hot weather, and down again 
to the plains towards the south in September and October. The seasons and 
directions in both North and South India correspond to the general rules for the 
north temperate zone, and it must be remembered that the extreme South of 
India is 10° north of the equator, and that a large part of Northern India is 
geographically outside the tropics. 

3. In about twenty species of Lepidoptera there is evidence of flights in 
opposite directions at different times of the year. The number of insects in 
one of these flights is usually much greater than in the other. In one flight the 
insects may be gregarious, and in the reverse flight they may be widely separated ; 
as a result of this the flight in one direction may be conspicuous to the general 
public, and so frequently recorded, while the movement in the opposite direction 
is only seen by a careful observer. The evidence available may thus be biassed 
aA ea of flights in one direction at one season only (see Williams et al., 1941: 

4. Nearly all butterflies when on migration tend to fly at the height which is 
normal for non-migratory flight, most individuals are below 10 feet, and few 
more than 20 feet above the ground, or above the tree tops if over forest land, 
The Monarch is an exception to this, and has frequently been recorded as flying in 
numbers up to “ as far as the eye can see.” 

DaOm reaching an obstacle most migratory butterflies pass over it rather 
than round it, when this is possible. This definite sense of orientation is often 
one of the most striking features of a flight. I have already described (Williams 
1930: 331) how white butterflies (Belenois mesentina) in Kast Africa used to 
strike against the walls of my house in an effort to get towards the 8.E.—and 
Louse, Dulrnob lof or HUMPS poms BACE EE ee 

: ght to go round it. Butterflies on migration have flown 
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in numbers into a room through its windows, and in one case out again through 
windows on the opposite side. On meeting in their path small trees shaped like 
Lombardy Poplars—perhaps 10-15 feet high and 3-4 feet across—migrating 
butterflies have been seen to go up to the top and down the other side rather 
than deviate a few feet to the left or right. 

6. A somewhat similar habit is seen, in reverse, when butterflies migrating 
over forest country come to a small clearing. They do not keep a level flight 
across the clearing but flutter down close to the forest edge, cross the clearing 
a few feet above the ground, and rise again close to the further edge. The same 
behaviour has been noted in N. America when migrants were crossing narrow 
canyons. If the forest is open, the butterflies may migrate between the trees. 

7. Possible exceptions to (5) are occasionally seen. In my own experience 
the Skipper butterfly, Andronymus neander, in Kast Africa, when reaching a large 
obstacle such as a house or block of trees, rises and deviates slightly so as to 
continue the flight slightly off the original direction. On passing or overtopping 
the obstacle the original direction is resumed. Migratory butterflies have also 
at times been observed to follow the windings of deep valleys, of roads through 
forest, and of shorelines, but these cases are small in number compared with the 
number of observations of definite directional sense. 

8. Butterflies and moths are capable of keeping their original direction both 
by day and by night, in sunny weather and in cloudy weather, in dead calm 
and in moderate winds, and in the tropics when the sun is completely overhead. 
We have only two records of the effect of fog, in one of which (in East Africa) 
the butterflies continued to fly and keep their direction ; in the other (in S. India) 
the butterflies retreated before a fog bank, “‘ returning, however, again and again 
right up to the edge of the wall of fog.” 

9. There are a number of records of mixed flights of certain species in 
the same direction at the same time. There are also a few observations of 
simultaneous flights of two or more species, each flying in a different direction 
through the same locality for many days, and each keeping to their own direction 
(see Williams, 1930: 365). For example, at Amani, Tanganyika, from the 
20th December, 1928, to the end of January, 1929, in the sunny hours of every 
fine day between 1] a.m. and 3 p.m. there were two constant streams of butterflies, 
Catopsilia florella going to the north or north-east, and Terias senegalensis going 
tothe south-west. On the 29th January there was, in addition, a flight of millions 
of locusts going to the south-east. The movements of each species had no - 
apparent affect on the others. 

10. In addition to the regular seasonal changes of direction which have been 
recorded in about 20 species, there are occasional records of changes in a short 
period of time. An interesting and unexplained example of this is found in 
Ascia monuste in Florida, which in three successive years was observed to fly 
along near the east coast at Indiatalantic from March to July, at first to the south 
and then quite suddenly changing to the north (see Williams e¢ al., 1941 : 143). 
In 1937, the northward flight only lasted for two days, 5th and 6th July, after 
which the southward flight was resumed. In 1938 a complete reversal took 
place on the 18th May and the flight was to the north from that date ; in 1939 
the reversal was from the 10th and 11th June (see also below, p. 80). 

Other cases of change of direction have been observed within a single day, 
and in two of these there was also a change of wind direction (see Williams, 
1930 : 368, and below, p. 81). 

Another remarkable observation was made by Carr in September, 1935, 
during a southward migration of D. pleaippus which were flying in a belt about 
12 feet wide over the water in a narrow inlet on the south side of Lake Ontario. 
On reaching one particular point the butterflies all turned to the east, flew for 
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a few hundred yards in this direction and then turned sharply south again. 
Several thousand butterflies were seen and all day their behaviour was the same. 
At times there were breaks in the flight, but the new butterflies arriving from the 
north again turned to the east at the correct point (see Williams e¢ al., 1941: 
226). 
HT) Butterflies on migration do not keep their body absolutely fixed in the 
direction of the migratory movement, as if kept in that position by a gyroscope. 
The body direction and even the direction of flight may alter from moment to 
moment owing to the buffetting of the wind, or by the choice of the insect in 
visiting flowers, or in some cases while pausing to lay eggs. After any such 
shorter or longer displacement the insect can bring the body direction back to 
the original. There is no force resisting any lateral displacement, but only 
resisting those which divert from the direction of the migration that is then in 
progress. After a night’s rest butterflies resume the “correct” direction on 
the following day. 

12. Flights may be in thick masses so that each individual is in sight of many 
other butterflies, and so a sense of imitation might play a part in keeping the mass 
moving in one constant direction. On the other hand the flight—with an equally 
definite sense of direction—may be so thin that each butterfly may be hundreds 
of yards from its nearest companion. I have seen a definite movement of JV. 
cardut over the Mediterranean in July, 1922 (see Williams, 1923: 210), when 
with the closest watch only about twelve butterflies per hour were seen, all going 
steadily to the north. They were flying about three feet above the sea and 
completely out of sight of each other. On land such a movement would be 
almost invisible. 

All these general facts have to be kept in mind when discussing the problem 
of orientation. Other more detailed observations will be brought forward in 
connection with special theories. 

There have been for many many years discussions on the mechanism of this 
exact and lasting power of orientation which is found during migration not only 
in insects, but also in birds, fishes and some other animals. Among the various 
external factors that have been suggested as possibly connected are the following : 


1. Factors having a direction : 
Wind. 
Light (sun and moon). 
Magnetic field (compass direction). 


2. Factors having a gradient in certain directions : 
Temperature. 
Humidity. 
Barometric pressure. 
Magnetic field intensity. 
Coriolis force (earth’s rotation). 


3. Other factors : 
Sight and retinal image movement. 
Contours. 
Scent. 


It will be seen that the factors have been grouped according to whether they 
have a “ direction ” or merely a “ gradient.” 
ane wind, light, and magnetic field can be further separated on their varia- 
uty. 
The wind is very variable, from hour to hour or from minute to minute, with 
no regular sequence. In some localities a wind from a particular direction may 
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prevail for a long period—or at certain times of the day. In localities near the 
shore there may be regular land and sea breezes in morning and evening. The 
night is usually much calmer than the day. 

The rays of light from the sun are subject to a regular daily change of 
direction (except when obscured by cloud)—and also to an annual cycle of height 
above the horizon at mid-day and direction at sunrise and sunset. Anywhere 
within the tropics for one or two periods in the year the sun at mid-day is liable 
to be so close to overhead that it is difficult to imagine it being of any value for 
horizontal orientation. The direction of moonlight at night is even more complex. 

The polarity of the magnetic field is more or less constant in most localities, 
but is subject at times to sudden violent disturbances due to “‘ magnetic storms.” 

All these variations are of importance to us in seeking a relation of cause 
and effect, because if a “ cause ” is always present and invariable, it is impossible 
to show a connection with any supposed “ effect.” Thus if in any locality the 
wind should be always from the north and a flight always to the east, it would 
not be possible to argue that the two were connected ; but if the wind varied, 
then, if it were a true “cause,” either direct or indirect, one would expect to find 
corresponding variation in the flight. 

Of these possible factors, the one which has been most fully discussed, and 
about which it is easiest to obtain information in the field, is the effect of wind. 

It is desirable to discuss the problem of wind in relation to orientation of 
flight in two stages : 

First, what is the effect of a wind in a particular direction on a flying 
insect, and from this can the insect be conscious of the direction of the 
wind ? 

Secondly, what evidence is there that the direction of migratory flight 
in nature is associated with, or determined by, the direction of the wind ? 

I have already discussed at some length the effect of air currents on creatures, 
such as insects and birds, which are supported by their wings in the air (see 
Williams, 1930 : 381-4, and Williams et al., 1941 : 227). 

Briefly the conclusions there expressed, which I have seen no reason to modify, 
are as follows : 

1. An insect flying in an absolutely steady wind would not be able to determine 
the direction of the wind except by observing the movement of objects on the 
ground in relation to its own direction of flight through the air (i.e. the direction 
of its body axis). 

2. Such constant winds are not found in nature, but the structure of the 
normal wind with its eddies, as now recognized by meteorologists, sometimes 
makes it physically possible for the insects to determine the direction of the wind 
from the nature of the “ buffetting ’’ they receive, without sighting the ground. 
But apparently there are other times (when the temperature gradient upwards 
is sub-adiabatic or when there is an actual temperature inversion) when the 
eddies of the wind give no clue to its main direction. 

Most, but not all, insects migrate over land within a short distance of the 
ground, so that sight might well play a part in wind perception, as it makes it 
possible for the insects to be aware of their drift. _ 

Thus it seems that from the buffeting effect of air pressure changes due to 
eddies in the wind and/or by sight insects may, in certain cases, be able to estimate 
the direction, and perhaps the strength of the wind. This is not equivalent to 
saying that the insects do make use of these methods in orientation for a migratory 
flight—merely that it is possible. 

Let me now summarize some of the evidence, partly from personal experience, 
that has brought me to the conclusion that while wind direction may affect 
slightly the direction of a migration, it is not, in the vast majority of cases, the 
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C.FLORELLA A.NEANDER 
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A.MONUSTE Change of direction A MONUSTE 
1938 to SOUTH 18th May 1938 rc NORTH 


A MONUSTE Change of direction A. MONUSTE 
1939 to SOUTH -9 June 1939 ro NORTH 
Fie. 1.—The direction of wind on different days during migratory flights of butterflies which 
continued steadily on in one direction for a number of days. The large arrow shows the 
direction of the butterfly movement. The small arrow-heads show the direction towards 
which the wind was blowing on different days during the flight. The number within 
the circle shows the number of days when “‘ no wind” was recorded at the time of the 
observation. 


A. Catopsilia florella at Amani, Tanganyika; observed by C. B. Williams flying to 
the north or north-east from 19th December, 1928, to 24th March, 1929 (and 
flight continued after this date). Flight direction and wind recorded on 47 days. 

B. Andronymus neander at Amani, Tanganyika; observed by C. B. Williams flying 
to the south from 21st March to 7th May, 1928. Flight and wind direction 
recorded on 19 days. 
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factor which determines the direction of the flight or keeps it constant over a 
period of time. 

In 1930 (Williams, 1930 : 368-375) I published an analysis of 367 recorded 
observations of directional flight in butterflies in which the direction of flight 
and wind had both been recorded. The results were as follows : 


Angle between Number of 
Flight and Wind. Records. 
With the wind . 3 : Oy ; : 84 
SPAR ime 8 30 
Diagonally with the wind 4 45° 19 
i ; +90° ; ¢ 35 
cross the wind . : a 99° 34 
i ye a es: 
lagonally against the wind a 135° 33 
Against the wind . ; ee 180s 5 : 87 


_ Flights were at every possible angle to the wind, but the records are more 
frequent directly with and directly against the wind than across it. This difference 
may be due to a selection of evidence in recording, as I think the non-specialist 
observer is more likely to record the wind direction if it is either with the flight 
(how simple an explanation !), or against it (how curious !), than if it is merely 
across the flight, and so with no apparent connection. 

In 1938, K. Fisher published a diagram showing the relation to the wind 
direction of recorded flights within a single species, the Silver-Y Moth (Plusia 
gamma). In 42 recorded flights in the British Isles, every possible angle to the 
wind was found. Three flights were with the wind, five and eight diagonally 
with the wind on each flank, three and eight across the wind, five and two 
diagonally against the wind, and eight directly against the wind (see Fisher, 
1938 : 237). 

Thus we see that, considering either Lepidoptera as a whole or one species in 
many flights, there is no evidence of any constant relation of flight to wind 
direction. 

Possibly of even greater significance are observations on certain migratory 
flights of butterflies which have continued over long periods in the same direction. 
Fig. 1 shows data during six such flights, three from my own personal experience, 


Fic. 1—continued. 


C. Pieris brassicae at Harpenden, England, observed by C. B. Williams from 14th July 
to 7th August, 1940, flying to the south on all days except one. Flight direction 
and wind recorded on 16 days. 

D. Pieris brassicae at Harpenden, England, observed by Mrs. K. Grant flying to the 
north from 24th to 30th May, 1937. Flight and wind direction recorded on 
7 days. 

E. Ascia monuste at Indiatlantic, E. coast of Florida. Observed by Mr. and Mrs. K. 
Hodges flying to the south from 7th March to 16th May, 1938. Flight and wind 
direction recorded on 37 days. On 18th May the flight direction changed 
suddenly to north (see F). 

F. As E. Flight to north from 18th May to 27th July, 1938 (compare with E). 
Flight and wind direction recorded on 34 days. 

G. AsE. Flight to south from 1st March to 10th June, 1939. Flight and wind 
direction recorded on 87 days. On the 9th and 10th June the flight direction 
changed to north (see H). 

H. As E. Flight to north from 8th June to end of July, 1939. Flight and wind 
direction recorded on 22 days. On 8th and 9th June flights were observed in 


both directions (compare with G). 
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one from Mrs. K. Grant (Fisher) who worked with me at Rothamsted for several 
years, and two from Mr. and Mrs. K. Hodges in Florida. 

In East Africa in 1928-29 I observed a migration of a yellow butterfly (Catop- 
silia florella) towards the north and the north-east which lasted for 16 weeks 
and was still continuing when I left the country in March, 1929. During this 
season there is, unfortunately for the analysis, a prevailing N.E. and E. Monsoon 
wind ; in fact, on none of the 47 days when both flight and wind direction were 
recorded, was there a wind from any quarter from 8. to N.W. inclusive (Fig. 14). 
There were, however, winds from N. (2), N.E. (19), E. (20) and 8.E. (6). Through- 
out all this period the butterflies never flew in any direction except between 
N. and N.E. That is to say the wind ranged over 125° while the flight varied 
less than 45°. ; ; 

In the same locality in March-May, 1928, there was a flight of a Skipper 
butterfly, Andronymus neander, towards the south-west for about six weeks. 
Fig. 18 shows the wind direction on 19 days during this period. At this season 
the prevailing N.E. Monsoon is giving place to a S.E. Trade Wind. It will be 
seen that, while most of the recorded winds were from the E. and S.E., there 
were single days with wind from all directions except from the N. and N.W. 
without any change in the flight direction. ar 

Coming nearer home, Fig. 1c shows a similar analysis of a flight of Preris 
brassicae at Harpenden, 25 miles north of London, in July-August, 1940. The 
flight was always towards the south, while the wind was in every quarter except 
from the S.E. and 8. On three days conditions were recorded at the time of 
observation as ‘“‘ dead calm.” Fig. 1p shows another flight of the same species 
observed by Mrs. K. Grant in May, 1937, when on nine days the wind ranged 
round the compass in all directions except from N., N.W. and S.E., without any 
alteration in the direction of the flight of the insects. 

The four remaining diagrams (Fig. 1. e-H) show wind directions during two 
remarkable flights of a white butterfly, Ascia monuste, observed by Mr. and Mrs. 
K. Hodges at Indiatlantic, on the east coast of Florida in 1938-9. In both years 
the butterflies flew southwards in enormous numbers from March to May or June, 
and then quite suddenly changed their direction and flew towards the north 
until the end of July in gradually lessening numbers. There is some evidence, 
from the proportion of different varieties in the flight, that the population which 
flew to the north was not the same as that which had previously moved to the 
south. 

In this district there is unfortunately a prevailing S.E. wind for most of the 
period under review, but in 1939 easterly winds were more common than usual, 
especially in June and July. In 1938 the change from southerly to northerly 
flight was on the 18th May, and it will be seen by comparing &. and Fr. that there 
was no associated change in wind direction, and further that both before and 
after the change in flight direction the wind (though usually 8.E.) ranged round 
the compass in all directions. 

Figs. G and # show events in 1939 when the change of direction did not take 
place until the 8th-9th June. Again, the wind direction, both before and after 
the change, ranged round all points of the compass. In the two years there were 
4-+-24 days when the flight was to the south and the day recorded as calm, and 
Sais days when under exactly similar absence of wind, the insects flew to the 
north. 

It seems to me almost impossible to believe that in any of the cases quoted 
above, wind can have any association of cause and effect with the duration of 
the flight. 

_ It is, however, necessary to add that I know of two cases when a change of 
flight direction has been seen in association with a change of wind. Pendlebury 
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(1921) records that at Gaza, Palestine, for several days in April, 1917, V. cardui 
flew to the N.W. for about an hour from 9.30 a.m. and in the late afternoon, 
about 5 p.m. they returned in the opposite direction in smaller numbers. A 
sea breeze from the N.W. started about 9 a.m. each day and lasted until 5 p.m., 
when a land breeze from the S.E. would begin. No directional flight was recorded 
during the middle of the day. 

Moss, in 1872, states, without any details, that he has seen butterflies in 
Ceylon going down a valley with the wind in the early part of the day, and later, 
when the wind had changed, the butterflies were flying up the valley. It is 
curious that in these two records the insects in one were flying always against 
the wind, and in the other, with it. 

Goeldi (1904) records that at Para, Brazil, for several successive days in 
1879 he saw Catopsilia statira flying in great numbers up a river towards the 
south in the morning and down stream to the north after mid-day ; but he does 
not mention the wind direction in either case. 

Considering for a moment more general movements, the butterflies in Europe 
move in the spring in a northerly direction when the prevailing winds are from 
the N.W. or W., and in the autumn towards the south when the prevailing winds 
are from the 8.W. 

In the eastern United States in the autumn when D. plexippus and other 
species are moving towards the S. and 8.W. the winds at ground level are very 
confused. Maps from the U.S. Weather Bureau show prevailing S.W. winds 
along the whole eastern coast in August; in September and October the same 
winds prevail north of the latitude of Washington, but are replaced by a N.E. 
wind south of this level. At higher levels in the air the winds become more 
definitely 8.S.W. to S.W. and W. Thus, at ground level there are no prevailing 
winds to guide the insects towards the 8.W., and at higher levels there are no 
winds that would carry them willy-nilly in that direction. 

In Egypt there is, at ground level, a prevailing wind from the north during 
the period from March to June when butterflies, and particularly V. cardui, tend 
to move towards the north. 

' There remains the possibility that insects might react differently to winds 
at different temperatures or intensities. In Egypt, for example, the prevailing 
north winds are cool and the south winds hot. If insects flew into cool 
winds and away from hot winds, a directional flight to the north might be 
produced. Fisher (1938) made a small study of the relation of the direction of 
flights of Plusia gamma to winds of different intensity, but could find no 
evidence of change of effect with Beaufort number. Both these problems require 
further investigation. 

It has been suggested that flight direction might be determined by a com- 
bination of wind direction and the reaction of the individual insects to the relative 
movements of the ground as indicated by the image produced on the retina of 
their eyes. Insects are said to orientate so that : 

1. There is a minimum lateral movement of the image on the retina. 

2. There is never a backward movement of the image (i.e. the insect 
never flies against a wind which is faster than its own air speed). 

3. The forward movement does not exceed a certain maximum speed. 

If my reasoning is correct, there can only be an absence of lateral drift, and 
hence of lateral movement of the retinal image, if there is absolutely no wind, 
or if the insect is flying either directly with, or directly against the wind. We 
have, however, seen from the records already brought forward that there are 
numerous observations of insects flying for days across the wind. 

It is interesting to note in this connection, that there are two observations, 
one made by myself on Locusts in Tanganyika in 1928, and one by Gleason on 
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Skipper buttertlies in New Mexico in 1940, of insects changing the direction of 
their air flight during lateral gusts of wind, so as to allow for the gust and keep 
their direction relative to the ground constant. 

In the case of the locusts, when there was no wind they were flying to the 
N.E. with their bodies, of course, orientated in the same direction. When the 
rather gusty wind blew from the 8.E., across the flight, the locusts turned their 
bodies approximately to the east (slightly into the wind), while their ground 
direction, resulting from the combination of their air speed and direction and that 
of the wind, remained towards the N.E. In this case a lateral retinal movement 
must have been produced in order to keep their ground direction the same as 
when there was no wind. Gleason’s observations on the butterflies were entirely 
in agreement with the above. 

There is not time to deal in the same detail with the other external factors 
that might be involved in orientation ; nor is it indeed possible, as comparatively 
little information is available on some, and little or no evidence of association in 
others. 

It is only possible to believe that the direction of the sun’s rays is a determining 
factor in orientation of migrating insects (the so-called light-compass reaction) if 
the insect can allow at each hour of the day for the changing position of the sun. 
It is true that migration is usually more conspicuous during direct sunshine than 
during cloud, but then, so is all insect flight ; and migrations have been recorded 
in conditions of cloud when there was no very obvious direction of light rays. 
Another difficulty is that the insects—after allowing all day for the changing 
position of the sun—must be also supposed to carry on this adjustment during 
the night, for the following morning the flight starts at the same angle to the sun 
as the previous morning, and not at the angle of the previous evening. Still 
another difficulty is that butterflies can orientate with accuracy in the tropics 
at mid-day when the sun is overhead, when no horizontal change in the body 
direction would make the slightest difference to the angle of the sun’s rays. 

The difficulties of explanation in the case of all the millions of moths that fly 
at night, at full moon and at no moon, are even more formidable. 

The study of the polarity (compass direction) of the magnetic field in relation 
to migration orientation remains in an unsatisfactory condition. Laboratory 
experiments that were carried out at Rothamsted (Cockbill, in Williams et al., 
1941 : 236) failed to produce any: orientation or other effect on young locusts 
when these were submitted to a powerful electro-magnetic field. The experiment 
was inconclusive, and the insects were, of course, not migrating at the time. 
I would like to have a powerful apparatus—perhaps similar to that used during 
the war for detonating electro-magnetic mines at sea—that would upset the 
electro-magnetic field over several acres of land, and use it in East Africa during 
one of the spectacular migrations of Belenois, Catopsilia or Andronymus species 
which occur there at comparatively frequent intervals. Then one might be in a 
position to argue about the influence of magnetic fields. No one has yet succeeded 
in producing a directional migration under laboratory conditions, so even if 
laboratory experiments have been unsuccessful, it is no proof of lack of effect. 
I do not think that magnetic polarity is likely to be the cause of orientation— 
although it is an attractive theory—but in view of the comparative lack of 
variation in the magnetic field at any locality, until we have had experimental 
i a with a real migration we will not be in a position to lay down the 
aw. 

The factors that I have listed as subject to a gradient suffer from a common 
difficulty, as an explanation of orientation. Their variation in one locality from 
hour to hour is as great as is likely to be produced by movement over a considerable 
distance. If we suggest that a migration is moving towards a warmer or wetter 
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locality, we must ask ourselves what actually happens to each individual insect 
at each minute. Any insect which sets off on a journey at, say, 10 a.m. is extremely 
likely to move into warmer conditions, whichever direction it goes, and also if it 
stays still. If it sets off about 4 p.m. every direction will be to a cooler locality. 
If it was believed that certain insects were flying towards England from France 
because England was cooler, it would be also necessary to believe that the insects 
during the morning hours were flying into warmer and warmer areas because 
they were aware that at the corresponding time to-morrow it would be cooler. 
The “average” temperature on which so many isotherms and gradients are 
built up has no existence. It is a convenient scientific fiction. All that the 
insect could possibly appreciate would be that the air through which it was 
flying was warmer (or cooler, or wetter or drier) than the air through which 
it had been flying some short time before in another locality at a different moment 
in the daily cycle of change. 

The same argument applies to pressure gradients. In most temperate 
climates the changes in barometric pressure that occur during, say, one hour at 
a fixed locality are comparable in size with any that would be likely to be produced 
by moving at the average insect speed (say 10 m.p.h.) to a new locality one 
hour’s flight away. 

The magnetic field intensity and the Coriolis force have recently been brought 
into this field of discussion by the work of Yeagley on the homing of pigeons in the 
U.S.A. The Coriolis force is the force, due to the rotation of the earth, which 
produces movements of the air in easterly or westerly directions, and causes 
the cyclonic winds to rotate in opposite directions in the northern and southern 
hemispheres. It is absolutely constant at any one locality and its strength is 
only dependent on latitude. The intensity of the magnetic field is slightly 
variable at any one point, and is greatest at the magnetic poles and least at the 
magnetic equator. It is subject at times to sudden changes due to magnetic 
storms. 

No work, or suggestion of work, on these factors has been done on insects, 
and the student is referred to Yeagley’s report (1948). The forces concerned 
are almost infinitesimally small, and it has been calculated that if a bird flying 
towards the north or south deviated as much as one inch in 50 yards from the 
dead straight line it would produce a turning effect equal to that of the Coriolis 
force. Yeagley’s work is stimulating, but much of it requires repeating and 
confirming. 

Of the three remaining possible factors, sight can have an effect, already 
discussed, by enabling an insect to estimate and allow for lateral drift due to the 
wind—but I can see no mechanism by means of which sight could be used to 
keep an insect flying an approximately straight line for a hundred miles or more 
over land and sea in still air or in changing winds. 

Land contours undoubtedly occasionally have a small effect in causing 
diversion from a regular course, but there is no evidence to suggest that they 
can determine the direction over any considerable distance. 

Scent has been suggested—but I fail to see how it could have any effect 
other than in association with wind. It would result, if an attractive scent was 
the cause, presumably in flight into the wind—and if a repellent, in flight with the 
wind. It would fail completely to explain continued movements over great 
distances, either on the land or over the sea, and all flights across the wind, 

Unless we postulate unknown factors, such as a “sense of direction,” there 
remains only a combination of several different methods. Does the migrating 
insect orientate at one time by wind, at another by sun— and so on? 
This is possible, but in my opinion unlikely, and in any case could not be a com- 
plete explanation. Unless a new stimulus was available when the previous one 
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ceased to be effective, and unless two stimuli were not in operation, or not 
effective, at the same time, we would be left with the difficulty that the insect 
would have to decide at any particular moment which external factor to follow. 
If an insect follows the wind when this guides it to the north, but the sun when 
the wind changes to an unfavourable quarter, then we must credit it with 
knowing which of the two external stimuli is the correct one to take into action, 
and so with a knowledge of the direction in which it wishes to go. This leaves 
us with a problem as difficult as the one we have set out to solve. 

There are other conceivable physical factors—even Cosmic rays—but no 
evidence at present is available—no experiments have been carried out—and 
no organ in the body of the insect is known that might be sensitive to these or 
other radiations. 

We are left in the position of having to admit that the problem is not yet 
solved. It is a mystery in the sense—and only in the sense—that we have not 
yet found the answer. I believe the answer will be found in the field of biology 
and physics, and possibly comparatively soon. But many experiments will be 
required, not only in the laboratory but also in the field. More experiments— 
more observations—more thought—more workers—more time. 

I see no opportunity ahead for resting on our laurels. 
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BENEFACTIONS. 


A full list of benefactions is not printed this year. The following is a list of 
the donations of Twenty Pounds and upwards received during 1948. 


1948. 


Tue Roya Society, £366, from the Government Grant in Aid of Scientific 
Publications. 

Huex Matn (bequest), £100. 

Aw Anonymous FELLow, £52 10s. towards the purchase of books for the Library. 

Tae Anti-Locust Resgarcuh CENTRE, £50, towards the cost of Dr. B. P. 
Uvarov’s Paper. 

THe East ArricaAN Tsetse RESEARCH ORGANISATION, £21 13s. 8d., being the 
cost of the plates illustrating Dr. C. H. N. Jackson’s paper in Proceedings 
Series A. 

C. J. Warnwricut (bequest), a first selection of the books from his Library and 
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